In the past five years observations with the Rossi X-ray Timing Explorer have revealed fast quasi-periodic oscillations in the X-ray flux of about 20 X-ray binaries. Thought to originate close to the surface of a neutron star, these oscillations provide unique information about the strong gravitational field in which they are produced.
The dynamical timescale close to an object of mass M and radius R is τ ∼ R/v ff = R 3 /2GM , where v ff is the local free-fall velocity. For typical masses and radii of neutron stars (M ∼ 1 − 2 M ⊙ and R ∼ 10 − 20 km), τ < ∼ 10 −3 s. It was only after NASA's Rossi X-ray Timing Explorer (RXTE) was launched in December 1995 that we could finally probe these short timescales, both in neutron-star and blackhole X-ray binaries. Groups at Goddard Space Flight Center and the University of Amsterdam, almost simultaneously announced the detection of submillisecond quasi-periodic variability in the X-ray flux of two binary systems with neutron star primary 1,2 . Since then, so-called kilohertz quasi-periodic oscillations (kHz QPOs) have been observed in more than 20 X-ray binary systems 3 . KHz QPOs usually appear in pairs 4 , with frequencies ν 1 and ν 2 (> ν 1 ) between ∼ 300 Hz 5 (the lowest value for ν 1 ) and ∼ 1330 Hz 6 (the highest value for ν 2 ). For a given source both ν 1 and ν 2 can drift by ∼ 100 Hz on timescales of a few hundred seconds 7 , with a typical dynamic range of ∼ 200 − 300 Hz; up to ∼ 800 Hz variations have been observed in one source 6 . Despite these rather large ν 1 , ν 2 shifts, for each source ∆ν = ν 2 − ν 1 , remains more or less constant 4, 7, 8 . In the best studied sources, ∆ν has been observed to decrease by 50 − 100 Hz as ν 1 , ν 2 increase 9,10 . In all the other sources of kHz QPO, ∆ν is consistent with this trend
11
It is widely accepted that at least one of the two QPO peaks is produced by matter in Keplerian orbits around the neutron star at the inner edge of the accretion disc 12−14 . If this is so, QPO frequencies should depend sensitively upon the mass and angular momentum of the compact star as well as upon the orbital radius at which the QPOs are produced 12, 13 . In principle it is possible to measure some of these parameters independently 23−25 , which would allow us to set simultaneous constraints to the mass and radius of the star, and would provide means of knowing the high-density equation of state of neutronic matter 12 , an issue of central importance in nuclear physics research.
On timescales of a few hours QPO frequencies correlate with X-ray intensity 4 , but this correlation breaks down on timescales of a day or more 18 ; on longer timescales QPO frequencies correlate much better with the X-ray spectral properties of the source 6,10−16 . It is thought that mass accretion rate is the mechanism behind this behavior 12 . The Fourier power spectra of X-ray binaries often show a broad-band component that is roughly flat below a break frequency at ν b ∼ 1 − 10 Hz and decreases above mendez˙apo2: submitted to World Scientific on February 1, 2008 ν b , and a low-frequency QPO at ∼ 10 − 50 Hz. Studies with RXTE have recently shown that both ν b and the frequency of the low-frequency QPO are strongly correlated to the frequency of the kHz QPOs 16,26−28 and to each other 29 , and that these correlation encompasses systems both with neutron star and black hole primaries. This result is quite significant, as it seems to indicate that the presence of a solid surface, a magnetic field, or an event horizon plays no significant role in the mechanism that produces the rapid variability observed in these objects.
